A N experimental research was conducted to obtain information on resistance of paddy to very low airflows. To simulate natural convection, airflows in the wide range of 0.001 to 0.3 m 3 /s-m 2 were created by establishing temperature gradients and by means of a suction fan. Pressure drops across 5, 10, 15, 20, 25 and 30 cm deep grain beds were measured using suitably developed instruments. The effects of grain bed depths and airflow rates on resistance pressure were analyzed. The increase in pressure drop across the grain bed was proportionate with bed depth, but was disproportionate with an increase in airflow rate. These results, in general, are in good agreement with those of other researchers. An approximate equation was also developed for possible application in the design of solar grain dryers employing natural convective airflow.
INTRODUCTION
It has long been observed that the diurnal and seasonal variations in the ambient conditions induce temperature gradients within large grain masses. Such gradients cause convective intergranular air currents which carry moisture from one place to another (Muir, 1973; Stewart, 1975) creating localized high moisture regions. This results in increased microbial and insect activity leading to grain quality deterioration (Hukill, 1953; Converse et al., 1973) . In the past there has been very little effort (Fenton, 1941; Johnson, 1957) to quantify the low movements of air within the grain mass due to temperature gradients. Estimation of such airflows would provide basic information regarding the moisture movement wihin the grain mass. Moreover, the need for aerating grains to prevent moisture migration has made it necessary to obtain the information on resistance of grains to very low airflow rates. This article presents simple instrumentation and measurement techniques for low airflow and pressure drop measurements. The results of experiments on resistance of paddy grain beds to airflows in the wide range of 0.001 to 3 m 3 /s*m 2 , created both by mechanical means and induced temperature gradients are also presented. suitable instruments were developed and calibrated in the anticipated range of air velocities and pressure drops. For low air velocity measurements a transistor anemometer based on the one suggested by McHattie (1979) was developed. It makes use of the property that a transistor at constant current loses about 2 mV/C almost linearly with temperature. When subjected to airflow the cooling effect causes a change in transistor temperature. The corresponding base-to-emitter voltage was directly related to air velocity. The ambient temperature was obtained from a reference transistor connected as a diode and operated at negligible dissipation.
INSTRUMENTATION
A special probe was designed to mount the sensor transistor and allow it to be fully exposed to airflow. In the air velocity range of 0.01 to 0.03 m/s calibration was done using the airflow created by raising the level of water in a tube at a constant rate. The apparatus used for this is shown in Fig. 1 . To ensure a constant rate of airflow, water was let into the tube at the top from a constant head tank. The bottom opening was used only to empty the tube. In the higher air velocity range of 0.2 to 0.3 m/s a blower was used for calibration in conjunction with a vane anemometer. Fig. 2A and 2B are the calibration curves obtained.
The instrument showed an instability of about ± 5 to 15% in the air velocity calibration of 0.01 to 0.03 m/s. However, it was quite reliable in 0.2 to 3 m/s range with transistor an uncertainty of less than 3%. In actual experiments, measurements were done mostly in the latter range due to magnification of air velocity at the sensor.
The device for low pressure measurement was developed based on the principles of a well manometer. It consisted of two containers, one large and the other small, both connected by a flexible tube at the bottom (Fig. 3) . The small one was hung at the free end of a thin high carbon steel cantilever. At the fixed end of the cantilever 4 semiconductor strain gages were mounted forming a full bridge configuration. The liquid level change in the large container due to applied pressure transferred a corresponding amount of liquid to the small one. This was mechanically amplified by the cantilever and the bridge output was taken as the measure of the pressure applied. The calibration was done with an inclined manometer sensitive to 9.81 Pa (1 section was 30 x 30 cm square. One of the vertical sections was of plywood and the remaining part was of perspex (clear plastic) sheet. The plywood section was well insulated with asbestos sheets from inside and equipped with a heater unit and temperature regulator at about 50 cm from the bottom. In the other vertical section a fine wire mesh was provided at the top to hold grain beds up to 30 cm deep. A pressure tap was provided immediately below the wire mesh. The tapping was a 6 mm diameter glass tube inserted well inside to avoid wall effects on pressure drop measurements. The horizontal portion was used for air velocity measurments. It was equipped with a replaceable velocity accelerator section to increase the air velocity by about 100 times at the transistor sensor. The probe was placed at a distance sufficiently away from the heater unit to keep the temperature effects on the transistor to a minimum. PROCEDURE Paddy or rough rice used for the experiments was a locally grown long grain variety in Thailand (RD-7). The average moisture content of the lot was 12.8% wet basis. The average bulk density was 548 kg/m 3 based on the measurements of actual weight and volume in test chamber. The size analysis using U.S. Standard Sieves No. 8 and No. 10 with openings of 2.362 and 2.000 mm, respectively, revealed that about 30% of paddy by weight was retained on No. 8 sieve and 70% on No. 10 sieve.
Grain layers of 5, 10, 15, 20, 25 and 30 cm were formed by freely pouring the grain from a distance of about 50 cm and levelling the top by hand. Initially, to simulate airflow due to induced temperature gradients a suction fan was used to draw the air down through the grain bed. The airflow rates were controlled by adjusting a damper close to the fan end. Large air velocities were measured with the help of a sensitive vane anemometer and the low velocities with the transistor anemometer. Corresponding to each airflow rate, pressure drop across the grain beds was recorded. Later, the heater unit with PRESSURE DROP, P, Pa Fig. 6-Resistance of paddy to airflow created by a suction fan. The airflow measurements with induced temperature gradients are given in Table 1 . All experiments were replicated thrice, emptying and refilling the grains each time, to exclude the effects of filling. In the experiments with induced temperature gradients the whole apparatus was allowed to cool to room conditions before each trial.
1983-TRANSACTIONS of the ASAE
RESULTS AND DISCUSSION The resistance to airflow characteristics of grains are usually reported for a unit depth of grain bed. So, the experimental data at different bed depths were expressed on the basis of 1 m depth of grain. The results are presented in Figs. 6 and 7.
It was observed that the data obtained with natural convective airflow established a usual liner relationship on logrithmic scale as, log(Q) = log(a) + b log(AP) [1] where, Q = airflow rate, m Therefore, the data points were arbitrarily approximated by three linear segments in the airflow ranges of 0 to 0.002, 0.002 to 0.013 and 0.013 to 0.022 m 3 /s • m 2 . They each had a better coefficient of determination (R 2 ) value than that of equation [3] (Fig. 6) . The equation so obtained is of the following form: where, a u bi . . . etc. are constants The values of these constants are given in Table 2 . Anyone of the three segments in equation [4] is to be used for calculation in corresponding airflow range and at transition points either the proceeding or the following segment can be used without any significant error.
It can be easily observed that the resistance to airflow increased more rapidly with increase in air velocity which conforms with the observation of Shedd (1951) Wieneke (1977) are more comparable to the present one. In general at air velocities of 0.02 m/s and greater the results are in good agreement with others and at less than that velocity, a slight deviation is noticed. This may be due to some experimental errors which dominated in very low airflow and pressure drop measurements.
DEVELOPMENT OF SOLAR GRAIN DRYER DESIGN EQUATION
The results obtained from the experiments using airflow created by induced temperature gradients can be applied to estimating design parameters of solar grain dryers in which airflow through grain bed is by natural convection. Few simplifying assumptions to be made are (a) air density inside the dryer is uniform, (b) the dryer is air tight and the hot air leaves only at the top chimney outlet, (c) resistance to airflow of the dryer components is negligible because of small airflow rates involved.
Airflow due to temperature gradients in a grain dryer can be represented by a functional relationship that, Q = f(h, Ap, Ap,H) [5] Also equation [1] gives the general relationship for airflow through grain beds as, Q = a(AP/h)b [6] where [8] where, p = air density, kg/m 3 T = air temperature, C using this information in equation [7] yields, AP = 0.0302 (H-AT) [9] Replacing T' in equation [6] by equation [9] gives, Q = a(0.0302 AT-H/h)h [10] Substituting the product constant values 'a' and 'b' obtained from the experiments using natural convective airflow and simplifying, equation [10] becomes, Q = 3.81 x 10-5 (AT-H/h) 0 * 87 [11] For a given solar dryer, the above equation can be used to estimate the airflow rate. Alternatively, a solar dryer could be designed if conditions of minimum airflow rate are established first to accomplish drying in a given period. 2. The resistance pressure of paddy increases proportionately with the grain bed depth up to 30 cm.
3. The increase in pressure drop is disproportionate with increase in airflow rate.
4. The results in general are in close agreement with those reported earlier in the similar range of airflow rates.
5. Temperature gradients can establish pressure differential across grain beds which could induce movement of air through it.
6. The product constant values obtained in the experiments using airflow due to induced temperature gradients are useful in equations applicable to the design of solar grain dryers in which airflow through grain bed is by natural convection.
